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VEHICLE SYSTEMS CONTROLLER WITH MOP UIAR ARCHITECTURE 
l\) . FIELD Q P ™ INVENTION 

This invention relates to a vehicle systems 
controller having a modular architecture and more 
particularly, to a vehicle systems controller for use 
with a hybrid electric vehicle and having a modular 
architecture which is logically partitioned based upon 
vehicle functionality, thereby allowing for relatively 
quick and easy modification or replacement of vehicle 
control processes or features. 

t2\ . BACKGROUND OF THE INVENTION 

- " ■ cLLv 'CIS 

Vehicle systems controllers CVSCs") are ^tm^9 

used within automotive vehicles, such as hybrid electric 
vehicles ("HEV'M » in order t^control /»g^> 
systems, processes and functions . a One type of hybrid 
electric vehicle, conmvonly referred to as a -parallel" or 
-power split" type hyhrid electric vehicle, includes 
three power train subsystems which cooperatively provide 
20 the torque necessary to power the vehicle, and a vehicle 
system controller which controls the three subsystems. A 
"power split" type hybrid electric vehicle includes an 
engine subsystem (e.g., an internal combustion engine and 
controller), a generator subsystem (e.g., a 
25 motor/generator and controller), and a motor subsystem or 
an "electric drive subsystem" le.g., an electric motor 

I 
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and controller) . 

This hybrid configuration provides improved fuel 
economy, and reduced emissions since the internal 
combustion engine can be operated at its most 
, efficient/preferred operating points by use of the 
various subsystems. Additionally, this configuration can 
achieve better driveability,. and may extend vehicle 
performance relative to a comparative conventional 
vehicle. in order to achieve the goal, appropriate 
jo coordination and control between subsystems in the HEV 
are essential. This goal is achieved by use of the VSC 
and a hierarchical cont^^ehW.ctttrj-. ^ 

-Hytegfcd— e- le eU U veUldufa Ly^i'colly u-se a— -VSC to 
interpret driver inputs (e.g., gear selection, 
,5 accelerator position and braking effort), to coordinate 

each of the vehicle subsystems, and to determine the ^ 
vehicle system op^^state. The VSC generates 
commands impropriate subsystems based on driver inputs 
and control strategies, and sends the generated commands 
20 to the respective subsystems efj^jve to cause the ^ 
subsystems to take appropriate actions to meet the 

driver's demands. 

Due to the numerous types of vehicle subsystems and 
processes which may vary from vehicle to vehicle, 
i5 conventional VSCs are typically ^a*sr*veiy complex and -X 
are designed to serve and/or function within a specific 
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type of vehicle. Due to this complexity and destoj^J* 
is relatively difficult to modify a conventional to 
operate with a new vehicle system or functionality. For 
example and without limitation, if one were to replace 
the braking system or functionality within an HEV having 
a conventional VSC with a different type of system of 
functionality (e.c.^serjes versus parallel "^n^tly.. 



brakina), tKefe^e ^ woul d h t re to bo ^ep^eed-^^ 
'^^Lj ThiT in/reases the cost and time required 



JO 



to make such a modification 



Moreover, each different . i Js'i<U\&t- 
a dijffe^nt VS5. thereby 




reducing the uniformity among HEVs and increasing the 

overall cost of the HEVs. 

There is therefore a need for a modular VSC which 
,5 itJ^^^ into portions which corresponds to 
and/or provide a logical grouping of vehicle functions, 
thereby allowing the VSC to be easily modified to conform 
to new vehicle functions or features. 

SUMMARY OF THE INVENTION 
A first non-limiting advantage of the invention is 
that it provides a vehicle system controller ("VSC") for 
a hybrid electric vehicle ("HEV") which overcomes at 
least some of the previously delineated drawbacks ^o 
prior vscat'r p&WV&CUA> o#iU*<&'^- 

A second non-limiting advantage of the invention 1> 



1. 
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that it provides a modular vsc which Includes various 
portions which correspond to a logical grouping of 
vehicle functions, thereby allowing the vehicle 
functionality to be relatively easily modified. 
5 a third non- limiting advantage of the present 

invention is that it provides a VSC that is partitioned 
to take into account a logical grouping of vehicle 
functions, while maintaining a hierarchy of control 

within the VSC.^ 

10 According to a first aspect of the present 

invention, a modular vehicle system controller is 
provided and includes a plurality of portions which each 
corresponds to a certain vehicle functionality. 

According to a second aspect of the present 

js invention, a method of organizing a vehicle system 
controller for use with a hybrid electric vehicle is 
provided. The method includes the step of partitioning 
said controller into a plurality of control portions, 
each of said plurality of control portions corresponding 

20 to a particular vehicle functionality. 

Further objects, features, and advantages of the 
invention will become apparent from the following 
detailed description of the preferred embodiment of the 
invention and by reference to the following drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWIHQ8 

1 PAGE. 05 
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Figure 1 i9 a block diagram of a hybrid electric 
vehicle which includes a vehicle system controller which 
Is made in accordance with the teachings of a preferred 
embodiment of the present invention, 
? Figure 2 is a block diagram illustrating Che vehicle 

system controller architecture which is utilized within 
the hybrid electric vehicle shown in Figure 1. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF 

l0 THE INVENTION 

Referring now to Figure 1/ there is shown an 
automotive hybrid electric vehicle 10 having a 
powertraim propulsion or drive system 12 and a vehicle 
system controller <J0 which is made in accordance with the 

15 teachings of the preferred embodiment of the present 
invention. As should be appreciated to those of ordinary 
skill in the art, propulsion system 12 isfl a— ^raJJjE ^^r 
"power split" type propulsion system, and includes an 
internal combustion engine 14, an electric 

20 generator/motor 16, and a motor subsystem 18. While the 
vehicle system controller 40 of the preferred embodiment 
of the invention is described as being used with a power, 
split type HEV, it should be appreciated that the modular 
controller is 




25 The engine 14 and generator 16 are interconnected by 

use of a conventional planetary gear set 20, including a 
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I, a sun^gear 24 



carrier 22, a sun^gear 24 and a ring gear 26, which is 
operatively coupled to £irive lin^ 28. System 12 further 
includes a conventional one-way clutch 30 which is 
operatively coupled to the output shaft 32 of engine 14, 
5 and a brake or clutch assembly 34 which is operatively 
coupled to generator 16. A conventional electrical 
energy storage device 36 (e.g./ a battery or other 
electrical energy storage device) is operatively coupled 
to generator 16 and motor 18, Battery 36 receives and 
10 provides power from/ to generator 16 and provides power 
to/from motor 18. 

In the preferred embodiment of the invention, the 
engine 14 is a conventional internal combustion engine, 
and is physically and operatively coupled to the carrier 
15 22 of the planetary gear set 20. Generator 16 is a 
conventional motor/generator and is physically and 
operatively coupled to the sun gear 24 of the planetary 
gear set 20- Planetary gear set 20 allows engine 14 and 
generator 16 to selectively cooperate as a "single power 
20 source" which provides a power or torque output from the 
ring gear 26 of the planetary gear set 20 to the drive L /) 
line 28. It should be appreciated that planetary gear 
set 20 further serves as a power split device that splits 
the output from engine 14 to the generator 16 and to the. 
25 drive line 28, and as a continuous variable transmission 
("CVT") between the engine 14 and the ring gear 26, which . 

c 
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is operatively coupled to and drives the wheels of 
vehicle 10. 

The electric motor 18 is a conventional electric 
motor which acts as a "second power source" that provides 
5 torque and power to the vehicle drive line 2a 
independently from the first power source (i.e., engine 
14 and generator 16) . In this manner, the two power 
sources (i.e., the internal combustion engine and 



10 



generator and the electric motor) * cooperatively deliver 
torque and power to the vehicle 10- simultaneously andjet- 

independently. 

Referring now to Figure 2, there is illustrated the 
vehicle system controller 40 which is employed within 
vehicle 10. In the preferred embodiment of the 

15 invention, ^vehicle system controller ("VSC") 40 is 
electrically and communicatively coupled to conventional 
user or driver operated controls or components 42, to one 
or more conventional vehicle operating condition sensors 
44, and to subsystem controllers 46 - 52 by way of a 

20 conventional bus or other electrical signal routing 
assembly. Controller 40 receives signals and/or commands 
generated by driver inputs, vehicle operating condition 
sensors (e.g., gear selection, accelerator position, and 
braking effort), and subsystem controllers (i.e., 

25 feedback) and processes and utilizes the received signals 
to determine the amount of torque which Is to be provided 

? 

Ti in ni phi i^r^n pnrP RO 
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to the vehicle's drive train 28 and to generate commands 
to the appropriate subsystems or controllers 4 6 - 52 to 
selectively provide the desired torque to the drive train 
28 and to provide the requisite functionality to vehicle 
s 10. 

Xn the preferred embodiment, each subsystem 46-52 
includes one or more microprocessors or controllers as 
well as other chips and integrated circuits which 
cooperatively control Che operation of vehicle 10. In 
the preferred embodiment, controller 4 6 comprises a 
conventional battery controller, controller 4 8 comprises 
a conventional transaxle controller for controlling the 
electric motor 18 and generator 16 of vehicle 10, 
controller 50 comprises a conventional, engine controller, 
and controller 52 comprises a conventional braking 
controller which includes a conventional friction braking 
system (e.g., a hydraulically actuated system) and an 
anti-lock braking system. 

VSC 40 receives feedback from each of controllers 46 

- 52 and uses the received feedback along with commands 
from driver inputs 42 and signals from sensors 44 to 
generate control commands to the relevant controllers 46 

- 52 and the vehicles instrument panel or cluster 54 e VSC 
40 )fi ef fectlve$jjs« determine* the total amount of torque 

25 which is to be provided or delivered to drive train 28 
\ and X& partitions or divides- the total amount of torque 

<L 
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and feedback received and provided by VSC 40 are ^ ^ 



described below. ^ l« 



Driver operated controls 42 provide several commands \><* 
5 to VSC 40. Particularly, driver operated controls 42 
provide an ignition key command representing the state or 
position of the ignition key (i.e., OFF, START, RUN, 
ACCESSORIES), gear shifter commands representing the 
desired gear engagement of vehicle 10 (i.e., PRNDL) , 
10 accelerator and brake pedal commands, cruise control 
commands, and air conditioning commands. Vehicle sensors 
44 provide vehicle attribute data to VSC 40, such as 
vehicle speed data, ^ o»rT condition data and 
other vehicle operating attribute data. Battery 
U controller 46 provides feedback to VSC 40, such as an 
estimation of the battery's state of charge, battery 
voltage data, battery limits data, battery operating 
status data (e.g., recharging), and battery fault data. 
Transaxle controller 48 provides feedback to VSC 40 from 
20 motor 18 and generator 16, such as estimated torque 
values provided by motor 18 and generator 16, 
motor/generator speed values. limits values, 
motor/generator status data, and motor/generator fault 
data. Engine controller 50 provides feedback to VSC 40 
25 from engine 14, ^sucn as estimated engine-produced torque, 
engine speed-limits data, engine operating status, ar.d 

Tl IN ft' TV, 1^:^.1 
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engine fault data. Brake controller 52 provides feedback 
to VSC 4 0 from the braking system, such as negative 
torque request data, anti-lock braking system status and 
operating data, braking system status data, and braking 

5 system fault data. 

In the control system architecture, the VSC 40 is 
the "superior" controller, with subsystems 4 6 -^2 acting 
as -subordinate" controllers. Exceptions may exist to 
allow one or more of subsystems 4 6 - ^T^to override a 

10 command from U VSC" 40 with a "peer" subsystem command 
(e.g., a command from another of subsystems 46 - 
under certain predetermined conditions. In such 
instances, each subsystem. 46 - ^communicates wath the 
VSC 40 to inform the VSC 40 of the actual action 

15 undertaken which deviates from the VSC commanded action. 
Each subsystem 46 - ?T further communicates a signal to 
VSC 40 when one or more faults are detected in the 
respective subsystem 4 6 - thereby notifying VSC 40 

that a fault condition is present. 

20 As shown in Figure 2, the VSC 40 is modular and is 

composed of different control portions 56 - 70 which 
correspond to certain vehicle functions or features. 
Bach portion may represent a removable hardware and/or 
software segment, portion or device of che VSC 40 which 

25 is electrically and/or communicatively interconnected 
with the other portions of VSC 40. The partitioning of 
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the vehicle features within the VSC 40 provides a logical 
grouping of functions and also takes into account the 
hierarchy of control within the VSC 40. The architecture 
of VSC 40 aiso enables relatively easy replacement of one 

s type of functionality for another Iseries versus parallel 
regenerative braking for example). Particularly, a 
certain vehicle functionality may be replaced by removing 
disconnecting or deleting) a certain portion of 
controller 40 and installing (e.g., connecting or 

„ loading) a replacement portion whibh provides the desired 

functionality. 

in the preferred embodiment of the invention, 
control portion 56 provides a vehicle mode control 
process; control portion 58 provides an output torque 
IS requestor control process; control portion 60 provides a 
battery management control proceas; control portion 62 
provides a driver information control process; control 
portion 64 provides an energy management control process; 
control portion 66 provides a bralce system control 
20 process; control portion 68 provides an engine start/stop 
control process and control portion 10 provides a torque 
estimation control process. 

Vehicle mode control portion 56 determines the 
operating mode for the VSC 40. Portion 56 comprises the 
25 "top layer" controller for complete powertrain control. 
Portion 56 communicates the apvt***** mode of the 



U 
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vehicle, as determined by the(po£tiojP ignition 
(e.g., OFF, BUN, START, ACCESSORIES) , to the other 
control processes or portions 58 - 70, that the other 
n portions 58 - 70 may function according to the current 

• ^vehicle mode. Portion 56 further checks each system 4 6 - 
Sr'for faults (prior to starring and stopping the vehicle 
^^^to^lf^KC these functions, portion 56 checks to 
make sure the other processes 58 - 70 respond to its 
commands before proceeding. When a fault is detected 




JO 



within of the vehicle components (e.g., within the 
engine, transaxle, or battery) portion 56 A selects a 



limited operating strategy ("LOS") mode with which to 
operate the remaining functional powertrain components ^ ^fade. • 
Output torque requestor control portion 58 receives 
is and handles all torque commands from requesting devices 

within the vehicle 10 (e.g., accelerator pedal, brake , 

pedal, cruise control ^ tern, faction C ^.« 
and determines the final «rtpnt=SSSIt torque^ that the 
powertrain and regenerative braking system must produce. 
20 In order to provide this determination, portion 58 
^^SSSS^tt^'lvtr demands from the accelerator and brake 
pedal se*?&&r, and arbitrates from other "torque 
requestors" such as cruise control, traction control (if 
program required), ivd^ and vehicle speed -/Limiting 
25 systems. Based upon the signals received from all 
requestors, portion 58 divides or partitions the total 

pone i"» 
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requested torque between the vehicle's powercraln (i.e., 
engine and motor) and brakes and issues corresponding 
commands to the engine controller 50, transaxle 
controller 48 and brake controller 52. 

5 Battery management control portion 60 interfaces 

with the battery controller 4 6 and controls the opening 
and closing of the contactors in the high voltage battery 
pack, based upon the vehicle mode signals received from 
portion 56. Portion 60 also reads^disrfharge/charge power 

10 limits from the battery controller 46, monitors the 
vehicle battery for faults and communicates this 
information to the other vsc control portions. 

Driver information control portion 62 receives ^ 
signals from the vehicle sensors 44 A and calculates 

IS vehicle operating data that is conveyed to the driver. 
Particularly, portion 62 receives measured data from 
sensors 44, calculates values for vehicle operating 
conditions (e.g., vehicle speed, eag-insw-cSFeedv battery y/ 
state of charge^and other values 7 ) by use of conventional 

20 algorithms, and communicates signals representing these 
values to the instrument panel or cluster 54, and to 
other vehicle displays or data providing devices. 

Energy management control jportlon 64 controls the jj^TT 
jiaaasgBSS* power^Lu Lho v e hicle - 1 0 f rom- tho engine 1 4, J 

25 th e m e t or^T O ^ and tho gon e rator 1 6. The controller aims 

t 

to meet the driver needs of power, security and climate 
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control, the program requirements of meeting or exceeding 
fuel economy, emissions, performance and driveability 
Uiyeta and component requirements 6UCh as the 
maintenance of the battery state of charge within a 

5 certain range. The above requirements are met within the 
constraints imposed by the various components, such as 
the battery 36, the transaxle, the regenerative braking 
system, the enginef the cooling system, the fuel system 
and the exhaust system. Portion 64 also processes system 

,0 faults and based on the LOS mode, portion 64 takes 
appropriate action to modify the powertrain operating 
mode (e.g., electric versus hybrid) and the operating 
point (e.g., desired engine torque and epeed) . 

Brake system control portion 66 implements the 

,5 regenerative braking control process of the VSC (whether j 
it be for series regenerative braking or £^ r £ l £y0*f * I 
regenerative braking) . -Portion 66 may also e^W^H - ' 
^Sk- ^ia)Ang funct^ wtt fe to s c tid v eUiC lfl aud/ ar-the- 0 

o ^ffoni^^ 
20 _vehi el >-Whwtr and between regenerative— braking— and 

fTXct4en-{e-.-g^-r-h- yir a n1 ic -brak4n^ . 

Engine start/stop control portion 68 coordinates the 
timing and operation of the "startup" and "shutdown" of 
the vehicle's engine 14. C^U^ 
U,ua U cut. estiroation control portion 70^ati*ates the * '"J^J^ 

torque produced by the engine 14 and the transaxle I i.e., aZt Jllte 

........ ,, n .T^r//s«. Ji\ Vj-Mv>y ^tZiXKd***-^ n^MfirtU^ 
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motor 18 and generator 16). Portion 70 receives torque 
estimates from the engine controller 50 and transaxle 
controller 40, and compares the engine controller's 
estimate to the generator's estimate to ensure they are 
s similar. If the estimates vary beyond an acceptable 
value, portion 70 notifies portion 56 of a potential 

fault condition. 

in operation, VSC 40 receives commands from driver 
controls 42, signals from sensors 44 and feedback from 
io controllers 46 - 52. Particularly, Controller 40 
receives signals and/or commands generated by driver 
inputs, vehicle operating condition sensors (e.g., gear 
selection, accelerator position, and braking effort), and 
subsystem controllers I i.e., feedback) and processes and 

15 utilizes the received signals to determine the amount of 
torque which is to be provided to the vehicle's drive 
train 2B and to generate commands to the appropriate 
subsystems or controllers 46 - 52 which selectively 
provide the desired torque to the drive train 28 and to 

20 provide the requisite functionality to vehicle 10. Each 
portion 56 - 70 of the VSC 40 performs a unique vehicle 
function as set forth above. This unique arrangement 
allows for the vehicle components and processes to be 
easily switched or replaced, without requiring a 

25 reprogramming or replacement of the entire controller. 
This allows vehicle modifications to be performed 

PAGE. 16 
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relatively quickly, and also allows this VSC 40 to be 
used on various types of vehicles with portions S6 - 70 
being selected and/or adjusted based upon the particular 
vehicle's functionality, 
s It is understood that the invention is not limited 

by the exact construction or method illustrated and 
described above, but that various changes and/or 
modifications may be made without departing from the 
spirit and/or the scope of the inventions. 



J'JN 01 '01 15^53 



( (. 



PAGE. 17 



. JUL 36 '01 17:38 FR HEY POUJERTRftJN SYSTEH313 322 IU y«i4btft*>y:>fc« no/^ 

C Q 

WHAT IS CLAIMED 13: 

{1) A modular vehicle system controller for use with a 
hybrid electric vehicle having a plurality of portions 
which each corresponds to a certain vehicle 

5 functionality. 

(2) The modular vehicle system controller of claim 1 
wherein said plurality of portions includes a vehicle 
mode control portion which is effective to select an 
operating mode of said vehicle. 
10 (3) The modular vehicle system controller of claim 2 
wherein said plurality of portions further includes an 
output torque requests control portion which is 
effective to receive torque commands from a plurality of 
vehicle subsystems and to determine a& total output 
13 torque '-te-pxQ ^ i Uu Lo t ihe vehicle- j 
14) The modular vehicle system controller of claim X ; 
wherein said hybrid electric vehicle includes a battery 
pack and wherein said plurality of control portions 
further includes a battery management control portion 
which is effective to control opening and closing of 
contactors within the battery pack -and- monitors the X 

battery pack for faults, ^ **Z?!j> °' 
(5) The^'modular vehicle system controller of claim /r \ 
wherein said plurality of control portions further 
includes a driver information control portion which is 
effective to receive signals from vehicle 9ensors^and to 



20 
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driver of said vehicle. / ^* 

A 

(6) The modular vehicle system controller o^claiia— J- — w " 4J 
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calculate vehicle operating data which is conveyed to a * ^ 

wherein said hybrid electric vehicle includes an^eji^me, / ^ C 

/ A iS /V 

5 a^jnoior^--a*4-- tt - uen ei- at o r, o nd wherein said plurality of / * u ^ 
control portions further includes an energy management V ^ J*^ ^ 
control portion which is effective to control the ^fif/J> 
delivery of power to said vehicle by said^ngino, ^caid ) 
motcx^d-^aid-^ewator . ^>W^ — S 

10 (7) The modular vehicle system controller of claim 6 ^ 
wherein said plurality of control portions further 
comprises a brake system control portion which , controls ^j^L* 
regenerative an d— <witi -4p€ * bra -fc in - g functions within said ^ 
vehicle. 

15 (8) The modular vehicle system controller of claim 7 

wherein said plurality of control portions further , 

j 

comprises an engi ne s tart/stop control portion which ^/ , 

controls *fce startup and shutdown of said, engine, / 

(9) The modular vehicle system controller of claim 8 
20 wherein said plurality of control portions further 

comprises a torque estimation control portion which 
estimates the torque produced by said engine and by said 
motor and said generator. 

(10) A method of organising a vehicle system controller 
25 for use with a hybrid electric vehicle, 9aid method 

comprising the step of: 
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ABSTRACT OF THE DISCLOSURE 

A hybrid electric vehicle system controller 40. The 
vehicle system controller k °is modular and is partitioned 
5 in a manner which takes into account a logical grouping 
of vehicle functions, while maintaining a hierarchy of 
control within the controller 40. 
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partitioning said controller into a plurality of 
removable control portions, each of said plurality of 
control portions corresponding to a particular vehicle 
functionality. 

5 (11) The method of claim 10 wherein each of said 
plurality of control portions represents a removable 
hardware portion. 

(12) The method of claim 10 wherein each of said 
plurality of control portions represents a removable 
10 software portion. 
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